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1. Introduction 

Broiler meat consumers prefer a qual ity product that is healthy. A healthy product is onethat isfreefrom any 
form of hazard that has the potential of causi ng harm to consumers after its consumpti on. The quantity of fat 
in broiler meat is a major concern to consumers in Zimbabweas well as the global world (Utta eta/., 2015). 
Lean broiler meat is high in protein content and low in fat and calorie contents. Studies have shown that high 
fat broiler diet has significant effect on fat tissue deposition (Zelenka eta/., 2006; Jiang eta/., 2014; and Utta 
eta/., 2015). 

The percentage of fat in broiler meat determines its qual ity parameters as well as consumer preference. 
Broiler meat that hasa high fat content could contribute to high levelsof bad cholesterol that could lead to 
health problems such as se/ereobesity and heart related diseases (A nanthakrishnan eta/.,2014; and Bastien 
eta/., 2014). Thestudies conducted byJohnHopkinsMedicineUniversity (2005) and Royal Mel bourne Institute 
of Technology (RM IT) University (2005) identified amultipleof benefits from the consumpti on of lean meat 
from vari ous sources, broi I er meat bei ng i nd uded. The stud i es cond uded that I ean meat enables achievement 
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A bstract 

The ai m of thi s study was to i nvesti gate the effect of a fi nger mi 11 et-based broi I er 
feed on the meat qual ity of chicken. Proximate nutrient composition was analyzed 
on the finger millet meal and a feed formulated with finger millet as the main 
energy source. The feed was formulated on percent crude protein (CP) basis 
using Pearson square method. An experiment was designed and conducted on 
Ross Hybrid chickens to determine the effect of the feed on lean tissue 
development. A two-tailed t-test statistical analysiswas conducted at a significance 
level of 5% to determine the effect of the feed on fat deposition and lean tissue 
development in broiler muscle. The finger mi I let feed increased mean lean tissue 
mass by 3.47%. This study showed that use of finger millet feed reduced the fat 
deposition and favored protein deposition in broiler muscle (increased leanness). 
This study also showed that finger millet feed significantly enhanced broiler 
growth performance. Weconcluded that finger millet has the potential to replace 
maize meal in broiler feed formulation in order to produce lean and healthier 
meat for consumers. 
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of optimal health (Li eta/., 2005; and Barosh eta/., 2014). It was also found to reduce nutrition related health 
problem such as cardiovascular diseases, high blood pressure, clinical diabetes, inflammation, anxiety and 
stress. Lean broiler meat has been found tobea rich source of selenium, complex-B vitamins, zinc, iron and 
omega3 fatty acids. Selenium possesses antioxidant properties essential in the prevention of cell damagefrom 
free radicals. Complex-B vitamins(B3and B6), zinc and omega3fatty acids have been found to offer protection 
against infIammation, reduceanxiety and aids in therelief of stress in people. Theiron present in Iean broiIer 
meat is significant in the formation of healthy red blood cells, prevention of nutritional anaemia, increasing 
body energy production and minimization of fatigue, body weakness and irritability. Other studies have also 
shown that consumption of lean broiler meat reduces body weight and increaseslean muscle mass (Walker et 
a/., 2005; M cA fee eta/., 2010; and Brennan et al., 2012). 

Soya bean and maizearethe major ingredients in poultryfeed. I n contrast to maizeand soybean production, 
f i nger milletyieldsarehighinlowsoil ferti I i ty and the seed i s not easi I y d amaged by i nsects during storage. 
There i s mi n i mal use of ferti I i zers, pesti ci d es and her bi ci d es i n f i nger mi 11 et prod ucti on and storage that cou I d 
mi nimizeintroduction of chemical hazardsin poultry meat production ifthe cereal isused as poultry feed. 

Thefat deposition in poultry isdetermined byamultipleof variabl es that include genotype of broiler birds 
and crops u sed as sou rce of pou I try feed, env i ronmental cond i ti ons u nd er w h i ch crops for pou I try feed are 
grown and the poultry feeding regime (Choct et al., 2005; and Wang et al., 2014). Poultry feed high in poly 
unsaturated fatty acids could increase rate of fat deposition. Inadequate nutrition in poultry could cause 
increased fat deposition. Poultryfeed rich in polyunsaturated fats are correlated to increased development of 
lean tissue muscle and reduced fat tissue Finger mi I let is nutritionally rich in essential amino acids, minerals, 
low incrudefat(1.6g/ 100g)and low calorie content (333.6 kcal/ g) making it a suitable ingredient for broiler 
feed with the potential to provide lean meat (Singh and Raghuvanshi, 2012; and Uttaeta/., 2015). 

2. M aterials and methods 


2.1. Study setting 

Thefeed nutrient concentration analysiswerecarried out at Scientific and Industrial and DevelopmentCentre 
(SI RDC), Harare 


2.2. Experimental animals 

T wenty-two, one d ay ol d Ross H y bri d broi I er chi cks w ere bou ght from C harl es Stewart Pou I try Company and 
used in this study. 


2.3. A nimal housing and handling 


Thechicks were housed in cages under a deep litter system (Figure 1) and had ad libitum access to feed and 
drinki ng water. Thechickenswerehoused in well-ventilated wire mesh cages. The housing were electrically 
heated during thefirstl4days. The cage floors were made of wire mesh raised one meter from theground.The 
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floors allowed passage of droppings to the ground. Bird droppings were removed from the ground each 
morning and theground below the cages was wetted each morning to minimize dust as well as to keep the 
housing humid. Excess dust and feathers were removed from cage floors through regular brushing. Each cage 
had oneplastic water trough and one galvanized feeder. Water troughs weredeaned and refilled each morning. 

2 . 4 . Plant material sourceandpreparation 

The finger mi I let and maize were bought from Kudzanayi market, Gweru. The finger mi I let was roasted at 
115 °C for 15 mi nutes i n an oven and then coarsely grounded before use. The roasti ng treatment was carried 
out to reduce levels of nutrient inhibitors and toxic substances normally present in finger millet such as 
trypsin inhibitor, phytates, cyanide, phenols and tannins. Roasting was also done to improvefinger millet 
digestibility aswell as enhancing iron bioavailability. The heat treated finger milletwas ground toimprove 
nutrient bioavailability (Devi eta/., 2014; and Athawaleeta/., 2015). The maizewas then milled intoacoarse 
meal at Senga. 

2 . 5 . Formulation of broiler feed 

The Pearson squaretechnique was used to formulate the finger milletfeed (FM F) and themaizefeed (M F) as 
shown in Figure2. Soya meal and finger millet meal weretheingredients used to formulate thefinger millet 
feed while soya meal and maize meal were used for maizefeed. Thefinger mi I let starter feed wasmadefrom 
mixing by mass 49.33% soya meal and 50.67% finger millet. Finger mi I let finisher contained 37.40% soya meal 
and 62.60% finger millet meal. The composition of maizestarter were 46.20% soya meal and 53.80% maize 
meal. Maize finisher feed contained 31.65% soya meal and 66.46% maizemeal. The Pearson squaretechnique 
wasused tocalculatepercentageingredientsthat weretargeted to produce 24%crudeprotein (CP) starter feed 
and 20% finisher feed. The Pearson square method was selected on the basisof its simplicity and quickness. 
The method was also appropriate si ncetwo ingredients were used per feed formulation (Wagner and Stanton, 
2012; and Saxena and Khanna, 2014). 


soya meal 41% CP 


Finger millet meal 7.45% 


Not®: CP - Crude Protein 


Figure 2: An illustration of Pearson square method used calculate percent ingredients in broiler feed 

(Wagner and Stanton, 2012) 



7.45 - 24 = 16.55 (soya meal parts) 


41 - 24 = 17.0 (finger millet parts) 


2.6. D etermi nation of proximate composition of broiler feed 

Theformulated finger milletfeed and maizefeed were analyzed for crude protein, crudefat, ash, moisture 
content, iron, calcium, phosphorous and crudefiber levelsas according to AOAC (2001). Each test analysis 
wasreplicated threetimesto minimizeexperimental errors. 

2 . 7 . D etermi nation of iron, calcium and phosphorous in feed samples 

The i ron and cal ci u m contents i n feed sampl es weredetermi ned by fI ame atomi c absorbance method usi ng 
FlameAtomic Absorption Spectrometry (FA AS) model GBC SensAA according to AOAC (2012). Briefly the 
feed samples were prepared for mineral analysis by wet digestion using 3.0M nitricacid and 30.0% hydrogen 
peroxide. Thedigested sampleswerefiltered using Whatman No. 1 filter paper. UV-visibleabsorbancewas 
read at 400 77 m using spectrophotometer model Shimadzu UV-160. 

2.8. Experimental design 

Twenty-two, oneday old chicks were randomly allocated into two feed groups namely finger milletfeed and 
maizefeed. Thechickswerefed for 49days after which theexperiment was terminated. 
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Figure 3: Line (a) along which wings were cutoff. Portion below line (b) not included in the skin 


2.9. Terminal procedures 

Onthe5Cf h day all birds were weighed and decapitated, defeathered and eviscerated. The carcass mass of 
each bird was recorded. Each bird was sealed in labeled plastic bag and chilled overnight. Scapel bladeswere 
used for skinning the chi I led birds. During skinning, each chilled bird was placed with its breast on a table. 
The wi ngs were pu 11 ed away from the body and cut al ong I i ne (a) as show n i n Fi gu re 3, i n such a manner that 
the angl e between the u I na and radius were equal I y d i vi ded. After cutti ng off of the w i ngs the carcass were 
tu rned breast si d e u p. Ski n i nci si on were mad e al ong the mi d d I e of the breastbone crest to the neck, al ong the 
wings and then along the legs. The incisions allowed easy pulling off of the skin. 

2.10. Determination of lean tissue and fat tissuevalues 

The broiler birds were first weighed at the age of seven days and then at a seven-day interval using an 
electronic balance(Model 2034986V3.47).Thecarcassmass(Xl)and skin mass(X2) were measured. TheXl 
and X2 served as i ndependent measurable traits that were used to calculate lean tissue mass (Y) and fat (U) 
tissuemass using Bochno regression Equations (6) and (7) shown below: 

Bochno Equations (Bochno et al., 2005-2007) 


Y =0.7672*X1 +10.4(g) 
U =1.1158*X2+6.7(g) 



2.11. Statistical analysis 

Data was analyzed using a two-tailed t-test method. The statistical analysis was carried manually si nee the 
results were not compatible with Graph Pad Prism 4 software. The results were analyzed at statistical 
significance level of 5.0% (p =0.05). 

3. Results and discussion 

3.1. Nutritional composition of finger millet meal and maize meal 

Results of the moisture content, crude protei n, crudefat, ash content and crudefi ber of maize meal and fi nger 
millet meal from proximate nutrient analysis are shown in Table! The results showed that maizemeal and 
finger millet meal had different nutrient compositions. The maize meal and finger millet meal showed a 
moisturecontentdifferenceof0.21%.Thelow levelsof moisture of both maizemeal and finger mi 11 dt meal were 
a preservation measureto prevent their biodegradation. M aizemeal had 1.95% morecrude protein and 3.04% 
morecrudefat than fi nger mi I let meal. There was 2.97% moreash and 2.24% more crudefi ber i n fi nger mi I let 
meal than i n mai ze meal. The f i nger mi 11 et meal had 198.20 mg/100 g more cal ci u m and 6.11 mg/100 g more 
iron than maizemeal while maize meal had 28.22 mg/ lOOg more phosphorusthan finger millet.Thefinger 
millet meal analysis results differed from the values given for The nutritional value of foods in Zimbabwe 
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Table 1: Nutritional composition of finger millet meal and maize meal 

Parameter 

Finger millet meal 

Maize meal 

Moisture content (%) 

8.92 ± 0.02 

8.71 ±0.02 

Ash (%) 

4.28 ± 0.03 

1.31 ±0.01 

Crude protein (%) 

7.45 ± 0.03 

9.40 ±0.14 

Crude fat (%) 

1.62 ±0.01 

4.66 ± 0.03 

Crude fiber (%) 

3.98 ± 0.07 

1.65 ±0.01 

Iron (mg/100 g) 

8.77 ±0.02 

2.66 ± 0.03 

Calcium (mg/100 g) 

208.03 ±0.04 

9.18 ±0.01 

Phosphorous (mg/100 g) 

184.18 ±0.04 

212.42 ±0.03 

Note: mg- milligrams 


(Krishnan eta/., 2010) .The envi ronmental cond i ti ons u nd er w hi ch the cereal w as grow n su ch as temperatu re, 
soilsand rainfall together with thevarying species of the cereal are possible contributors to the noted variations. 
The higher ash content present in finger millet meal was an indication that it contained a higher mineral 
content than maize meal (Singh and Srivastava, 2006). 

3.2. Nutrition composition of formulated broiler feeds 

The analyzed nutritional composition of the formulated finger millet starter, finger mi I let finisher, maize 
starter and mai ze f i n i sher feeds are show n on T abl e 2. The feed s consti tuents vari ed betw een f i nger mi 11 et and 
maizefeeds, and between starter and finisher feeds. The starter feeds were formulated to have24% crude 
protei n whi lethefi nisher feeds were to have 20% crude protei n. The maize meal and fi nger mi I let meal crude 
protein values that were used for feed formulati on were based on theresults from thefeed ingredients proximate 
nutrient analysis conducted at SI RDC. The soya meal supplier's labeled crudeprotein valueof 41.00%was 
used in feed formulation without verification. Thestarter feeds had higher protein content than finisher feeds 
since broiler chickens require more protein in the first 21 days of their age to achieve maximum growth 
performance (Leeson and Summers, 2009). The crude protein analysis results had slightly more crude protein 
than formulation values. Thedifference could haveemanated from systematic and random experimental 
errors during feed mixing and nutrient analysis. Therewas0.01%morecrudeprotein in maize starter feed 
than finger mi I let starter feed. Thefi nger mi I let finisher feed had 0.01% morecrude protein than maizefi nisher. 

Thefeeds had a mean moisture content of 7.90%. The low moisturecontentwasapreservativemeasureto 
preventfungal and bacterial feed decomposition. There was moreash in finger milletfeeds than maizefeeds. 
The higher ash content in finger mi I let feed could have stemmed from high ash content value of finger mi I let 
show non Table! Thefi nger mi I let starter feed had 2.23% more ash than maizestarter.Therewas 2.67% more 
ash in finger mi I let finisher than in maizefi nisher. The amount of ash inafeed isameasureofthequantityof 
minerals present (N ielsen, 2003). 

Theamountof crudefiber varied from feed to feed. The finger milletfeed had morecrudefiber than maize 
feed. There was 1.33% morefi ber infi nger mi 11 et starter than mai zestarter and 1.00% moref i ber in fi nger mi 11 et 
finisher than in maizefi nisher. The higher crudefiber contents in finger mi I let feeds is attributed to higher 
val ues of f i ber i n f i nger mi 11 et meal w hen compared to mai ze meal as show n on Tabl e 1. 

Themaizefeed contained morecrudefatthan finger millet feed. Therewas 2.69% morefatin maizestarter 
than f i nger mi 11 et starter. The mai zef i ni sher contai ned 3.14% more fat than f i nger mi 11 et f i n i sher. Thed ifference 
i n fat I evel s i n feed s cou I d have resu I ted from the d i fferent fat val ues i n mai ze and f i nger mi 11 et as show n on 
Table las well as from thedifferent quantities of maize meal and finger millet meal that were used infeed 
formulation. A feed sourcewith high fat content producesafeed with a high fat content. Reviewed literature 
has shown that a hi gh fat content feed su ppl i es more cal ori es and has the potenti al to i ncrease fat deposi ti on 
i n broi I ers ( W ang et al ., 2014) 

Thefeeds wereanalyzed for calcium, iron and phosphorous and the minerals varied in thefeeds. Calcium 
quantitieswerethemostabundantinfeedsand iron was the I east mineral present. There were 2.41 mg/ lOOg 
iron, 192.22 mg/100 g phosphorous and 683.47mg/100 g calcium more in finger mi I let starter than in maize 
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starter. Thefinger mi I let finisher contained 1.84 mg/ lOOg more calcium and 16.61 mg/ lOOg moreironthan 
mai zef i ni sher. The mai zef i ni sher contai ned 40.23% more phosphorous than f i nger mi 11 et f i ni sher. 

3.3. M ass - time curves of broilers fed on formulated feeds 

Figure 4 shows the weekly gain in mass of broilers fed on formulated feeds during the rearing period of 
49 days. The growth curves were drawn using Graph Pad Prism 4 software. The gain in mass was used as a 
measureof the growth rate The growth rates of broilers fed on maizefeed and finger mil let feed wereslowand 
even during the first 21 days. A significant difference in growth rates emerged after 21 days and it continued 
u p to si aughter age A fter the age of 21 d ays broi I ers fed on f i nger mi 11 et w ere grow i ng faster than those fed on 
maizefeed. Attheageof slaughter broilersfed on finger milletfeed had a mean mass of 0.34kg more than their 
counterparts fed on maizefeed.Thefinger milletfeed significantly improved growth performance of broilers 
(t c = 3.46, P t = 1.31, p = 0.05). The enhanced growth performance was as a result of higher quantities of 
phosphorous, iron and crudefiber present in finger milletfeed as show non Table 2. 


Table 2: Nutritional composition of formulated feeds 

Parameter 

Finger millet 

feed starter 

Finger millet 

feed finisher 

M aize feed 

starter 

Maize feed 

finisher 

Moisture content (%) 

7.67 ± 0.09 

8.06 ± 0.03 

7.72 ±0.01 

8.15 ±0.03 

Crude protein (%) 

24.28 ±0.02 

20.18 ±0.02 

24.29 ±0.02 

20.17 ±0.06 

Crude fat (%) 

1.52 ± 0.04 

2.24 ± 0.03 

4.21 ±0.03 

5.38 ± 0.04 

Ash (%) 

8.42 ± 0.01 

7.02 ± 0.02 

6.29 ±0.01 

4.35 ± 0.04 

Crude fiber (%) 

4.32 ± 0.02 

3.92 ± 0.04 

2.99 ± 0.04 

2.92 ±0.01 

Calcium (mg/ lOOg) 

1356.80 ±0.18 

673.33 ±0.06 

454.65 ±0.04 

452.81 ±0.03 

Iron (mg/ lOOg) 

32.66 ±0.06 

35.07 ±0.04 

28.48 ±0.06 

11.87 ±0.02 

Phosphorous (mg/ lOOg) 

378.69 ±0.04 

186.37 ±0.03 

299.52 ±0.03 

312.02 ±0.04 

Note: mg - milligrams 


3 1 




A 

— finger millet feed 

2- 

// 

* ....maizefeed 

Ui 

$ 


81 

A 



/ 


0* 



0 ID 20 30 40 50 60 


days 


Finger millet feed significantly affected broiler growth performance (t c (=3.46) > P t (= 1.31), P =0.05) 

Figure 4: M ass - time curves of broilers fed on finger millet feed and maize feed 
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3 . 4 . M ass of lean tissue of broilers fed on finger millet feed and maize feed at slaughter point (49 days) 

Figure5showstheresults of the mean lean tissue masses of broilers fed onfingermilletfeed and maizefeed at 
the age of 49 days. Broi I ers fed on fi nger millet had a mean I ean ti ssue mass of 204.19 g more than broi I ers fed 
on maizefeed. The increase in lean tissue mass was attributed to higher levels of phosphorous and iron in 
finger milletfeed that were required in protein synthesis and production of ATP energy moleculefor releasing 
energy for cel I metabol i sm. The f i nger mi 11 et fed had al so I ow fat content that red uced fat absorpti on and 
deposition (Xi eetal., 2010; and Fouad and El-Senousey, 2014). 



Finger millet feed significantly affected broiler growth performance (t c (=3.63) > P t (< 1.75), P =0.05) 


Figure 5: Mass of lean tissue of broilers fed on finger millet and maize feeds at 49 days 


3 . 5 . M ass of fat tissue of broilers fed on finger millet feed and maize feed at slaughter point 

Figure6shows masses of broilersfed on finger millet and maizefeeds. Broilers fed on maizefeed had amean 
fat mass of 44.95 g more than thei r cou nterparts fed on fi nger mi 11 et feed. It has been reported i n I iteratu re that 
feeding broilers with a diet low crudefat level inhibits fat absorption and causes fat deposition reduction in 
broilers. A low level dietary fat causesadecreaseintheactivity of enzymelinked to lipogenesis, a process that 
causes fat tissue production (Xi eetal., 2010; and Fouad and El-Senousey, 2014). This study showed that the 
finger milletfeed due to its low fat content increased lean tissue development in broilers and reduced fat 
deposition. 
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Statistically finger millet feed did not affect fat deposition in broilers (t c = 2.61) < P t (= 6.31), P = 0.05) 

Figure 6: M ass of fat of broilers fed finger millet and maize feeds at 49 days 
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4. Conclusion 

Wecondudethat finger millet can be used to replace maize meal intheformulation of broiler feed and has the 

potential to support growth of broilers and produce leaner meat which isfavored by many health conscious 

consumers nowadays. 
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